Early microeconomic theory established its framework under the assumption that producers' behaviour is optimal towards input allocation and output level. Since Debreu and Farrell this basic neoclassical approach has been extended, allowing for producers' decisions to diverge from the optimum production choice. The generally accepted reason for production units no to be efficient regards the presence of technical or allocative inefficiency components in their production function. Therefore one of the main objectives of studying production and cost frontiers is to estimate their efficiency towards input utilization and allocation. This paper aims to measure the technical efficiency of agricultural enterprises in Italy during the period 2003 -2007 by applying a stochastic frontier analysis to panel data. The developed two-sectored model distinguishes between agricultural production function and non-agricultural production function. The variables included in the first production function are related directly to the final product and are utilized during the production process. The non-agricultural production function includes two categories of variables: the first accounts for the general characteristics of the agricultural enterprises, while the second attempts to describe the opportunities and restrictions of the institutional framework.
Introduction
Policy interventions and private initiatives undertaken in the Italian agricultural sector have registered varying degrees of impact at the local level, due to the diversity of regional characteristics. The most important prerequisites for the better accumulation of the institutional and financial resources are the degree of investment opportunities and stimuli for entering into new business initiatives, well-defined contract arrangements among market participants and visibility regarding the achieved results, intensification of production processes and technological innovation. The level of efficiency and competitiveness of agricultural enterprises' economic activity is also defined by these characteristics.
The present paper estimates the technical efficiency of agricultural enterprises registered in 21 Italian regions during a three-year period (2003) (2004) (2005) (2006) (2007) . Specified organizations such as cooperatives, partnerships, producers' organizations and associations are contained in the constructed data set under the denotation "agricultural enterprises".
The choice to structure a functional model that both accounts for agricultural and nonagricultural factors is grounded on the assumption that production inputs are only part of the overall efficiency equation. The starting point is that there are other resources of efficiency that could be exploited by enterprises, but not modified or changed by them. In general the institutional environment consists of significant requirements and provisions, which every organization is expected to comply with in order to legitimate its activity. An important suggestion by Bromley (1989) states that: "(…) institutions determine the nature and the magnitude of transaction costs. Therefore, the notion of the firm as a reflection of transaction costs is seen to be subject to some analytical ambiguity" 2 . Considering that property rights define the costs and benefits and who would receive them, Barzel (1989) specifies that property rights would evolve in a way that provides maximum efficiency. Therefore, an aspect of collective organization in the agricultural sector that goes beyond the definition of the presented legal forms (i.e., cooperatives, companies) is the specific contract mechanisms that guarantee a created organizational reputation associated with the quality and location of particular products 3 .
The first part of the paper concentrates on the theoretical base and an explanation of efficiency concepts and studies of production and cost functions. The focus is on the possible approaches and methodology for measuring effects and results of institutional policy conducted over contract arrangements in the agricultural sector. The second part is represented by the results of an applied stochastic frontier analysis of chosen parameters that describes decision-making units in the case study. The panel data model contains information both about the economic status of agricultural enterprises and the provisions of the institutional environment. The final part provides some recommendations and general conclusions proceeding from results of the analysis.
Discussion of efficiency concepts and functional forms
Efficiency and productivity are the core concepts of economics. The general interest in measurement has opened the prospect of micro-level approaches in studies that develop new perspectives on how to define efficiency and productivity and how to calculate benchmark technology. There are two different concepts related to the measurement of efficiency: production and cost efficiency. One of the most debated findings is the particular inefficiency's sources, which are usually addressed to the deficiency in applying technology and the suboptimal allocation of resources. The definition of technical efficiency provided by Koopmans (1951) formulates that: "A producer is technically efficient if, and only if, it is possible to produce more of any output without producing less of some other output or using more of some input". However, determining whether or not a producer is efficient is not only a matter of providing technical information and descriptions of production possibilities. The contribution of Farrell (1957) is significant in regards to decomposition of technical efficiency, price (or allocative) efficiency and overall efficiency at the micro level. He introduces the input-oriented measure of allocative efficiency as the ratio of cost efficiency to technical efficiency. Later, Kuenzle (2005) formulates in detail the economic dimension of estimating cost minimization opportunities. This assumption allows for analyzing whether a producer uses production inputs according to their relative prices. Therefore efficiency is defined not only by the utilization of inputs in the most economical way, but also according to their relative price ratios.
Consequently a producer appears to be allocatively efficient if he uses his production inputs considering their optimal price distribution. More precisely the technical rate of substitution has to be equal to the economic rate of substitution at the optimum level (Varian, 1999) . The third concept related to efficiency estimation draws attention to scale efficiency, which ascertains whether the producer operates at an economically reasonable size. The output level, associated with the minimum average costs of production is the economically correct size of the production unit. It is necessary to mention two dimensions related to scale efficiency. First, the elasticity of scale measures the percentage change in output when all inputs are changed by a small amount. The second dimension is the elasticity of size that accounts for the per-cent of cost when the output is marginally altered.
Indisputably Farrell's (1957) article on efficiency measurement led to the development of several approaches to efficiency analysis. The literature on efficiency measurement can be broadly categorized in two main streams: frontier (parametric and nonparametric approaches) and non-frontier approaches. The frontier approach, represented by Stochastic and Bayesian approaches, requires structuring a functional form (production, cost, profit functions or regression equations). The non-parametric estimates are conducted by data envelopment analysis, which is characterized as a linear-programming methodology. Both analyses provide for a wide spectrum of opportunities to measure and quantify the influence of exogenous factors over technical efficiency.
The term "frontier" appears to be the key element in the performed analyses. According to Koopmans and Lovell (2000) , production technology is described as a set of feasible input -output vectors. The production frontier itself represents the boundary of these feasible production technologies and is characterized by "(…) the upper boundary of production possibilities, and the input -output combination of each producers is located on or beneath the production frontier" 4 .
Following Mahadevan (2002) Both frontier approaches provide for significant studies and results in the agricultural sector and market behaviour of participants. Battese and Coelli (1992) have applied stochastic frontier analysis to study the technical efficiency of paddy farmers in India. They have estimated a production frontier for the following models: farm effects have time-varying structure; farm effects have half-normal distribution; time-invariance is considered and farm effects again have half-normal distribution; and decision-making units are assumed to be fully technically efficient. Later, in 1995 the authors applied a maximum likelihood method for simultaneous estimation of the parameters of the stochastic frontier and of the model for technical inefficiency effects. The proposed inefficiency model accounts for both technical change and time-varying inefficiency effects.
The data envelopment analysis has also provided significant results in studying frontier efficiency. Barros and Santos (2007) have estimated the technical efficiency of the Portuguese wine sector cooperatives with the general goal to determine whether they are more or less efficient than private enterprises. According to the results provided cooperatives have achieved better efficiency performance than private companies due to their unique assets, locations, scale economies and specific organizational structures. This conclusion is supported by the work of Maietta and Sena (2008) and their frontier estimations that prove that cooperatives appear to be more efficient than conventional companies. Cooperative organizations have improved their technical efficiency and thereby increase their competitive positions. Managerial capabilities and technological improvements have also been acknowledged as significant factors for the more efficient performance of cooperatives that perform in the agricultural sector (Bonfiglio, 2007) .
The agricultural sector, its participants and their typical features provide a fruitful research field for studying the relationships among efficient performance, market competition and policy-making. An interesting perspective is given by several studies that attempt to quantify institutional influence over economic efficiency. Stochastic frontier analysis has been applied in order to measure how divergence in the quality of institutions, including: control of corruption, strength of the law and quality of the regulatory framework -explains cross-country differences in aggregate efficiency (Meon, Weill, 2006) . The relationship between foreign direct investment and the rate of growth of Gross Domestic Product is also developed through quantitative and comprehensive results obtained from the same analysis (Wijeweera, Villano, Dollery, 2004) . According to the results, the flow of foreign direct investment exerts a positive impact on economic growth only in the presence of a highly skilled labour force; accordingly open trade policy gains efficiency, but at the same time corruption practices have a negative impact. The above mentioned analysis' application and suggested results are only part of the existing research experience (See Appendix A). Although it is not possible to describe them all, it is important to consider the opportunities that frontier methodology provides in studying the various aspects that influence efficiency.
The earliest models in parametric frontier estimation (Ordinary least squares) refer to the estimation of deterministic frontiers or specification of a one-sided error term in order to represent the inefficiency component. The second class of frontier models, represented by stochastic frontier models, adds an additional error term which accounts for a measurement model and is assumed to be symmetric. The analysis dates back to Aigner, Lovel and Schmidt (1977) and Meeusen and van den Broeck (1977) , who independently proposed a stochastic frontier production function with a two-part "composed" error term. In 1987 Kumbhakar developed a profit maximizing approach where both output and inputs are choice (endogenous) variables. He used this profit maximizing framework to confirm that a producer is unable to attain the profit frontier due to the presence of either a technical or allocative inefficiency or both.
There are two sub-levels of stochastic frontier models: cross sectional models and panel data models. The cross sectional sub-model is estimated by the maximum likelihood estimation and its appropriate application is when there is only one observation per decision-making unit. The panel data sub-model consists of decisionmaking units observed at different periods. Such data contains more information about the parameters chosen to characterize the decision-making units. Furthermore as already mentioned the model proposed by Battese and Coelli (1995) allows for estimation of the effects of technical change in the stochastic frontier and of timevarying technical inefficiencies, but at the same time this model could not capture the different temporal patterns of changes in technical efficiency 5 .
The main difference between stochastic frontier analysis and Ordinary Least Squares ensues from the additional error term. In the case of cost frontier the OLS model could be expressed by:
where Ln Y i is the logarithm of production of the i-th unit, f (...) is the production function and v i is the error term. The input quantities of the i-th unit are represented by x i and the parameters that are to be estimated are denoted by .
The stochastic frontier model introduces the non-negative random variable associated with technical inefficiency u i that is the white noise in the data. The stochastic frontier production function is expressed by the following form:
The stochastic composite error term is estimated by  i = v i -u i . The error component u i is assumed to be distributed independently from v i , and to satisfy u i ≤ 0 or N (μ, σ u 2 ). Battese and Cora (1977) replace σ v 2 and σ u 2 with σ 2 = σ v 2 + σ u 2 and γ = σ u 2 / σ v 2 + σ u 2 .
The best known production function is introduced by Cobb and Douglas. An alternative of the Cobb-Douglas production function is the introduced transcendental logarithmic (translog) production by Christensen, Jorgenson and Lau (1973) :
Ln Y it = β 0 + β T ln t + ½ β T ln t 2 + ∑ β j ln x jit + ½ ∑ ∑ β jk ln x jit x kit + ∑ β jt ln x jit t + e it j=1 j=1 k=1 j=1
(3) where Y it represents the output level, x jit is the j th input used by the i th cooperative, t is the time index that serves as a proxy for the technical change, and β stands for the parameters that are to be estimated.
The translog form is a flexible functional form and there are no a priori restrictions on the constructing technology. The theoretical properties are incorporated by restrictions:
The null hypothesis is tested by the following formula:
LR=-2 Ln[L(H 0 ) -L(H 1 )] (5)
where LR or λ stands for the likelihood ratio (Likelihood Ratio test), Ln (H 0 ) represents the initial value of the null hypothesis (Н 0 ) and the value of log likelihood function (Н 1 ) is denoted by Ln (H 1 ).
The formulated production function defines the maximum possible output for a given set of production inputs. Inefficiency components exist if the level of production or output is less than the level observed in a fully technically efficient firm (Battese and Tassema 1993) . Hence the frontier defined by the production function is a benchmark to estimate the output efficiency of an enterprise.
Results from stochastic frontier analysis in studying the economic efficiency of the Italian agricultural sector
Development in the Italian agricultural sector could be described accurately as "(...) localization through intensified interaction and cooperation" (Brunori, Cerutti, Medeot, Rossi, Valini, 2002) . The leading agricultural sub-sectors are organized in wellstructured network of enterprises that are particularly concentrated on production and market supply. Strong regional identity is preserved in fruit, wine and cheese production. Local production systems emerge in these sectors, which are based on small-scale production. This is an opportunity to maintain small-scale and semisubsistence farming and to integrate through a large set of cooperative arrangements. It could be observed that this fact as rather beneficial because the concentration of production and distribution processes ensures continuity and imposes high quality standards for the final product. Nevertheless this "modernization" of the agricultural sector causes its restructuring in a manner less favourable for market participants in certain regions. The imbalanced relationship between small producers and their customers, processors or retailers, as well as the high level of fragmentation and low level of cooperation additionally complicate the retail system.
Policy mechanisms and interventions also could be described as complicated and varying because of the heterogeneity of Italian regions. In the first place they fall into different European funding categories. Secondly, not all regions possess the same special forms and conditions of autonomy pursuant to the special statutes adopted by Italian constitutional law 6 . Observations so far envisage that large-scale industry is more favoured since it receives a considerable percentage of European funds. At the same time administration costs are pushed up because of minute payments to small scale farmers. A solution was imposed by fixing limits on the payments that farmers could receive under the Single Payment Scheme. Policy implementation relies on more market conformity and fewer direct payments, but what is the consequent effect on employment, income and consumers in the sector? The marginal cost of producing goods which use land will exceed the social cost of production. Consequently market prices will influence the service sector, regardless of the products' true values. Besides this, a decrease in total employment in the agricultural sector probably cannot be avoided as it follows the extent to which production responds to price fluctuation.
In light of the advantages and obstacles presented, an interesting phenomenon is the relatively stable share of cooperatives in the sector (Table 1) . Cooperatives' success has become a function not only of local initiative and social responsibility, but also of managements' capacity to adapt to dynamic business conditions and adjust to institutional environments. In fact this dynamic has been provoked not only by cooperatives' economic strategies and incentives but also by the diverted priorities of institutional policy and support.
Cooperative organizations operate in every sector of the economy: agriculture, banking, industry and services. The Gross Value Added (GVA) of Italian agricultural cooperatives for 2007 represents 5 per cent of the economy's total GVA. As a comparison the GVA in the industrial sector is 3,0 per cent and in the services sector 6,8 per cent.
The organizational process in the agricultural sector is further developed in the form of producer organizations, second degree cooperatives, consortia and associations. The organizational rate in the fruit and vegetable sector is 100 per cent in Trentino Alto Adige and 65 per cent in Emilia Romagna, while in Sicily the organizational rate is about 7 per cent and in Puglia per cent. The turnover of the dairy sector represents 15 per cent of total turnover in the food industry. Its structure is defined by a group of big enterprises, and by a great number of small firms. The production of fresh milk and innovated products is very concentrated within a number of mergers and is significantly vertically integrated strategic groups. The same process of concentration in wine production has created an important framework and conditions for innovation and knowledge sharing, institutional support and small-scale producers' support.
The main objective in applying stochastic frontier analysis in the present case study is to measure the efficiency levels of cooperatives, partnerships and producer organizations in the agricultural sector in the context of the influence of institutional factors on their productive choices. The formulation of the production function requires the definition of two types of variables: the output of agricultural enterprises and the inputs, utilized in the production process 7 .
Instead of the physical quantities of output, the gross margin and the gross value added are used as measurement tools. This decision is based on the fact that the higher physical output of the more intensive enterprises is not comparable to the lower output of smaller enterprises. Additionally, the gross margin variable includes subsidies as payment received for the fixed production factors. Therefore the area under permanent crops is also included as an input variable 8 . Three types of permanent crops are eligible to receive subsidy payments partially or completely based on area: olive trees, vineyards and more recently nuts. Decision-making units are also compared on the basis of the relationship between annual working unit and employed annual working unit. In the analysis, annual working unit corresponds to the total labour input, including family labour.
The parameters of the constructed translog production function in the present case study are represented in Table 2 : In the present analysis, one of the main attempts is to estimate institutional influence and its particular importance for the efficiency of agricultural enterprises. Variables in the inefficiency model are grouped in two categories that attempt to explain the level of inefficiency: the first one is regarding the general information about agricultural enterprises; the second category refers to characteristics of the opportunities and restrictions of the institutional framework (Table 3 ).
The training level variable denotes the ratio of the professional and trained managers and employees to the total number of employees 9 . The specialized mixed farming variable indicates output orientation and product diversification in the enterprises.
The variables in the second group attempt to describe institutional characteristics closely related to the economic performance of the agricultural enterprises. Information about property rights protection, enforcement of contract arrangements and incentives for starting a new business is derived from the Economic Freedom of the World (EFW index) 10 . The index measures the consistency of institutions and policies within the concept of ownership and business activity. The main incentive to include these particular variables stems from the supposition that enterprises regardless of their legal forms, face the same market pressures, compete through the 9 The training levels of farm holders are indicated by: IRENA 06, the level of agricultural training of managers of agricultural holdings; IRENA 06a, the training in agri environmental issues; IRENA 01, the area under agri-environment support; IRENA 02, regional levels of good farming practice; IRENA 13, cropping/livestock patterns; IRENA 14, farm management practices; IRENA 15, intensification/ Eextensification; IRENA 16, diversification/specialization 10 Economic Freedom of the World: 2010 Annual Report, p.1 adoption of similar strategies, and aim at higher levels of efficient business performance.
Considering the impact of cooperatives' economic activity on overall regional development, an additional variable for 2007 is included: the number of agricultural cooperatives
11
. Cooperatives have the incentive to be an equivalent competitor in the market along with other investment oriented companies as long as this position would secure their financial stability and maintain the loyalty of their members. corresponds to the output orientation of the agricultural enterprises specialized in a particular activity (crop production) that provides a standard gross margin of at least 2/3 of the total standard gross margin of the enterprises
Group 2:
Characteristics of the institutional framework The vector of estimated parameters is represented by θ. In order to determine the lower and upper bounds the Kodde and Palm's Wald test for jointly testing nonlinear equality and inequality constraints either under H 0 or H 1 is used (Kodde, Palm, 1986) . The null hypothesis H 0 is rejected when the estimated value of LR-tests exceeds the upper bound value, and H 0 is accepted when the LR-tests value is smaller than the lower bound value. The parameter γ = σ u 2 / σ v 2 + σ u 2 is the variance ratio, which explains the total variation in the output from the frontier level attributed to technical 11 The information about the number of cooperative is taken from the cooperative register of the Economic Development Ministry efficiency. When γ=0 then there is no technical inefficiency observed in the data set and all decision-making units belong to the optimal production frontier.
According to the first hypothesis there are no inefficiency components in the constructed Cobb-Douglas function.
The second hypothesis also states that the value of  i parameters is zero and the formulated translog function is: 
The third hypothesis states that the values of δ i parameters in the inefficiency model are zero:
The values of the loglikelihood calculations for Cobb-Douglas, translog production functions and inefficiency model are presented in table 4. The information in Table 4 signifies the likelihood ratio test of the three null hypotheses against the general model, which assumes that there are no inefficiency components in the structured production functions. The first null hypothesis states that the Cobb-Douglas production function is preferable to the translog production function. According to the results of the LR-test, the null hypothesis is strongly rejected at the 5 per cent level. The second null hypothesis states that each decisionmaking unit in the analysis operates on the technical efficiency frontier. The LR-test results also reject the hypothesis, which suggests that there is a technical inefficiency component in the structured production function. Following this, the focus is towards the joint effect of the selected variables and the possibility for optimization in terms of cost reduction. According to the third null hypothesis, the inefficiency effect is not a function of the two groups of explanatory variables. The results also reject this hypothesis, which confirms the supposition that these variables have a considerable effect on the technical efficiency of the decision-making units.
The results obtained for the variance parameter (gamma) indicate the proportion of the one-sided error component in the total variance of the composed error term (see Appendix B). The average variation in the estimated output from the frontier level of the output, which is attributed to technical inefficiency is estimated at 0,6509. According to the estimated variances, output variability is mainly due to technical inefficiency rather than to statistical noise. For the period 2003-2007, 13 coefficients out of 21 total coefficients in the translog function are statistically significant at the 5 per cent level. This leads to the conclusion for interaction and non-linearity among the included variables. The estimated parameters in the inefficiency model are modes of inefficiency. When the parameter has a negative value, the variable it describes has a positive effect over the obtained efficiency scores; and the opposite is true -in the case of a positive sign, the concrete variable exerts a negative effect over total efficiency.
The parameter β 1 that corresponds to the utilized agricultural area (UAA) appears to be significant at the 5 per cent level for the last two years. This confirms that the larger size of the enterprises entails better labour and capital endowments; they obtain higher efficiency levels and achieve better economic performance. The following is supported by the positive effect of the interaction between utilized land and the variables: permanent crops (β 12 ), intermediate consumption (β 13 ), annual working unit (β 14 ) and employed annual working unit (β 15 ). The coefficients obtained for the period suggest the existence of scale economies. Since in the analysis, agricultural enterprises vary in terms of land size it is reasonable to consider what is the relationship between utilized area and permanent crops. From the results it could be assumed that a specialization in permanent crops is preferable in small-sized enterprises, especially if there are insufficient investment funds and capital.
The variable annual working unit (AWU) refers to the total labour input in the enterprise. Furthermore, the variable employed annual working unit (EAWU) is included in the analysis, which represents employees on a regular basis. The first reason for that choice is that it is difficult to obtain information about the family labour component or the "implicit costs". These costs include non-distributed income from own labour in the farm, entrepreneurs income, income from own land and from own capital included in production. The second reason is that even evaluated implicit costs do not account for market demand conditions. Finally, when family labour is to be considered it is better to be described as a distinct input variable and not to be included in the hired labour variable. The results from translog function calculation show that utilization of the two variables (AWU, EAWU) in production process has reached satisfactory levels for 2005 and 2007. The most efficient enterprises use labour more rationally due to the more intensive use of other production resources, such as machinery or any technology equipment.
Based on the differences in the obtained parameters' coefficients, it is appropriate to focus on the extent to which institutional framework may influence some enterprises and their respective regions to achieve relatively high efficiency scores compared to other, apparently less efficient enterprises and regions. The inefficiency function provides some explanations of this effect (Graph 1).
Graph 1 -Efficiency determinants patterns
Source: Own calculations
The obtained results vary over the period analyzed. In 2003, the variables training level (δ 1 ), specialized mixed farming (δ 2 ) and starting new business (δ 5 ) possess negative signs. The results of the training level coefficient are statistically significant with a value different from 0, and a negative sign. This suggests that the higher education and training of managers and employees has a positive effect over the technical efficiency of agricultural enterprises. Another possible conclusion is related to the age of farmers, which is not considered as a variable in this analysis. The age of producers has increased over the years; they have many years of experience in the agricultural sector with satisfactory production results. By choosing to be a member of a cooperative or producer organization, they become involved in new production technologies and methods, and this decision keeps them in step with other, more innovative enterprises.
There is also a significant relationship between production specialization and the obtained efficiency levels. Specialized strategies contribute to better allocation of production resources and their appropriate utilization in the production process. The results are also consistent with the estimated significant relationship between the agricultural area and the cumulative costs of raw material consumption and service procurement. Although specialization differs over the regions studied, it infers that most enterprises have managed to exploit the benefits of their particular locations.
The coefficients in the inefficiency model acknowledge that institutions and institutional arrangements have a direct and positive influence over the economic efficiency of the observed units. During the first period, institutional incentives and legislative provisions have stimulated new enterprises to enter the agricultural sector. This result is supported by the statistical data that in 2005 the total number of registered agricultural enterprises was about four times more than their primary number at the beginning of the period in 2003 12 .
After 2005 the coefficients of the variables for property rights protection (δ 3 ) and legal enforcement of the contracts (δ 4 ) confirm the positive effect of contractual arrangements on the efficiency of the decision-making units. In 2007, the effect of legal initiatives for starting business activity also contributed to achieved efficiency levels.
The coefficient of the variable of the total number of registered cooperatives by regions (δ 6 ) is statistically significant and possesses a negative sign. Cooperatives markedly influence overall sector performance. A substantial source of the cooperatives' impact is found in the common organization of production in terms of quality standards and demand-based quantities, as well as cost minimization and scale economies.
The pairwise elasticity of inputs substitution is calculated for further interpretation of the results and in order to isolate each input's effect on the output (Table 5 ). The theoretical bases in cases of pairs of inputs considers that "(…) there is a simple correspondence between the cost function setting and the production function setting, since the elasticity of substitution is then equal to the inverse of the elasticity of complementarity" 13 . If the elasticity of complementarity between pairs of inputs is positive, then the conclusion is that these inputs both contribute to the increase of the output level. In case the estimated value is negative the two inputs are substitutes. Year  b12  b13  b14  b15  b23  b24  b25  b34  b35  b45 * Note: b12 is elasticity of substitution between AUU and PC, b13 is elasticity of substitution between UAA and IC, b14 is elasticity of substitution between UAA and AWU, b15 is elasticity of substitution between UAA and EAWU, b23 is elasticity of substitution between PC and IC, b24 is elasticity of substitution between PC and AWU, b25 is elasticity of substitution between PC and EAWU, b34 is elasticity of substitution between IC and AWU, b35 is elasticity of substitution between IC and EAWU, b45 is elasticity of substitution between AWU and EAWU
The values of the elasticity between inputs for utilized agricultural area and annual working unit ( The mean technical efficiency of the 21 regions in Italy is estimated to be 69,7 per cent (table 6) . During the observed period, agricultural enterprises produced 70 per cent of the maximum attainable output. Estimates of technical efficiencies based on the frontier production function show a relatively high efficiency level (Table 7) . The results imply that more than 90 per cent of agricultural enterprises operate close to the efficient production frontier. Taking into consideration institutional influence and included variables in the inefficiency model, the mean efficiency results have also undergone positive trends from the lowest level in 2003 (0,370) to the highest level in 2007 (0,779). The contribution of efficiency changes to total factor productivity results in increased productivity growth.
Conclusion
This paper draws attention to the opportunity to evaluate the influence of certain institutional factors and their contribution to the economic efficiency of the agricultural enterprises. Results from the stochastic frontier analysis lead to the generalization that the balanced productivity growth in Italy's 21 regions is supported by the contribution of efficiency change to total factor productivity. The process of specialization appears to reduce production costs. Geographic clustering enhances relationships between producers, their cooperatives, and the final customer. At the same time, the distribution of the labour input has an underlying effect on efficiency growth. Nevertheless, there are some internal organizational lapses towards employment in the enterprises. The allocation of labour in specialized production is not entirely consistent with the inter-firm utilization. One possible solution is a combination of individual responsibility and division of labour for each operation or task performed.
The estimated inefficiency model confirms expectations that specialized mixed farming improves land utilization. Institutional influence in terms of the legal enforcement of contracts contributes to enterprises' empowerment and collective action. However, this result should be taken with precaution in relation to land input. Contract farming does not benefit the poorest part of the rural population but rather absentee landlords and large-scale producers. The last but not least conclusion is that cooperatives prove to be dynamic and influential organizational structures. Their contribution to overall technical efficiency is through the balancing market demand and producers' production choice by implementing fair-pricing and quality standards. 
Appendix B -Loglikelihood results of translog production function and inefficiency model

